In reality, all acid-base reactions involve the transfer of protons between acids and bases. For example, consider the acid-base reaction that takes place when ammonia is dissolved in water. A water molecule (functioning as an acid) transfers a proton to an ammonia molecule (functioning as a base), yielding the conjugate base of water, \(\ce{OH^-}\), and the conjugate acid of ammonia, \(\ce{NH4+}\):
In the reaction of ammonia with water to give ammonium ions and hydroxide ions, ammonia acts as a base by accepting a proton from a water molecule, which in this case means that water is acting as an acid. In the reverse reaction, an ammonium ion acts as an acid by donating a proton to a hydroxide ion, and the hydroxide ion acts as a base. The conjugate acid-base pairs for this reaction are \(NH_4^+/NH_3\) and \(H_2O/OH^−\). Figure \(\PageIndex{1}\) . The strongest acids are at the bottom left, and the strongest bases are at the top right. The conjugate base of a strong acid is a very weak base, and, conversely, the conjugate acid of a strong base is a very weak acid.
Figure \(\PageIndex{1}\) The Relative Strengths of Some Common Conjugate Acid-Base Pairs
The strongest acids are at the bottom left, and the strongest bases are at the top right. The conjugate base of a strong acid is a very weak base, and, conversely, the conjugate acid of a strong base is a very weak acid.
Example \(\PageIndex{1}\)
Identify the conjugate acid-base pairs in this equilibrium.
\[\ce{CH3CO2H + H2O <=> H3O^{+} + CH3CO2^{-}} \nonumber\]

SOLUTION
Similarly, in the reaction of acetic acid with water, acetic acid donates a proton to water, which acts as the base. In the reverse reaction, \(H_3O^+\) is the acid that donates a proton to the acetate ion, which acts as the base.
Once again, we have two conjugate acid-base pairs:
• the parent acid and its conjugate base (\(CH_3CO_2H/CH_3CO_2^−\)) and
• the parent base and its conjugate acid (\(H_3O^+/H_2O\)).
Example \(\PageIndex{2}\)
Identify the conjugate acid-base pairs in this equilibrium. 
Buffer Solutions
Weak acids are relatively common, even in the foods we eat. But we occasionally encounter a strong acid or base, such as stomach acid, which has a strongly acidic pH of 1.7. By definition, strong acids and bases can produce a relatively large amount of H + or OH − ions and consequently have marked chemical activities. In addition, very small amounts of strong acids and bases can change the pH of a solution very quickly. If 1 mL of stomach acid [approximated as 0.1 M HCl(aq)] were added to the bloodstream and no correcting mechanism were present, the pH of the blood would decrease from about 7.4 to about 4.7-a pH that is not conducive to continued living. Fortunately, the body has a mechanism for minimizing such dramatic pH changes.
The mechanism involves a buffer, a solution that resists dramatic changes in pH. Buffers do so by being composed of certain pairs of solutes: either a weak acid plus a salt derived from that weak acid or a weak base plus a salt of that weak base. For example, a buffer can be composed of dissolved CH 3 COOH (a weak acid) and NaCH 3 COO (the salt derived from that weak acid). Another example of a buffer is a solution containing NH 3 (a weak base) and NH 4 Cl (a salt derived from that weak base).
Let us use an CH 3 COOH/NaCH 3 COO buffer to demonstrate how buffers work. If a strong base-a source of OH − (aq) ions-is added to the buffer solution, those OH − ions will react with the CH 3 COOH in an acid-base reaction: Rather than changing the pH dramatically by making the solution basic, the added OH − ions react to make H 2 O, so the pH does not change much.
If a strong acid-a source of H + ions-is added to the buffer solution, the H + ions will react with the anion from the salt.
Because CH 3 COOH is a weak acid, it is not ionized much. This means that if lots of H + ions and CH 3 COO − ions are present in the same solution, they will come together to make CH 3 COOH:
\[\ce{CH_3COO^-} \left( aq \right) + \ce{H^+} \left( aq \right) \rightarrow \ce{CH_3COOH} \left( aq \right)\]
Rather than changing the pH dramatically and making the solution acidic, the added H + ions react to make molecules of a weak acid. Figure \(\PageIndex{2}\) and Buffers work well only for limited amounts of added strong acid or base. Once either solute is completely reacted, the solution is no longer a buffer, and rapid changes in pH may occur. We say that a buffer has a certain capacity. Buffers that have more solute dissolved in them to start with have larger capacities, as might be expected.
Human blood has a buffering system to minimize extreme changes in pH. One buffer in blood is based on the presence of HCO 3 − and H 2 CO 3 [the second compound is another way to write CO 2 (aq)]. With this buffer present, even if some stomach acid were to find its way directly into the bloodstream, the change in the pH of blood would be minimal. Inside many of the body's cells, there is a buffering system based on phosphate ions.
Summary
• A buffer is a solution that resists sudden changes in pH.
• Reactions showing how buffers regulate pH are described.
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